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A tadiation evaluation was performed on OP400AY (Low Offset Cuad Op Amﬁ) to determing the total dose
tolerance of these parts. A brief summary of the test results is provided below. For detailed information, refer to
Tables I throngh TV and Figure 1.

The total dose testing wus performed using 2 cobalt-60 gamma ray sCUIce, During the radiation festing, eight parts
were itradiated undar bias (see Figure 1 for bias configuration), and two paris were used as control samples, The
total dose radiation levels were 2.5, 3, 10, 15, 20, 30 and 50 krads*, The dose rate was hetween 0.04 and 1.18
krads/hour, depending on the total dose level {see Table IT for radiation schedule), After the 50 krad irradiation,
the parts werc annealed at 25°C for 168 hours, after which the parls were annealed at 100°C for 168 hours. Aller
each radiation cxposure and annealing treatment, parts were electrically tested according to the test conditions and
the specification limits** listed in Table I11.

At initial electrical measurements, S/N 36 fell below the minimum specification limit of 1,00 nA for Tio 2, with a
reading of -1.32 nA. All niher parts passed all initial electrical measuremenls.

At the 2.5 krad irradiation level, S/N 34, 36, 37 and 39 fell below the minitmun gpecification limit of -1.00 nA for
Lio 4, with readings of -1.92, -1.71, -1.36 and -1.08 nA respectively. In additien, S/N 34 and 36 exceeded the
maximuom specification limit of 3.00 nA for +[bias 4, with readings of 3.5 and 3.1 nA, respectively.

At the 5 krad irradiation level, All irradiated parls recovered to within specification limiis for lio 4. S/N 34, 37
and 38 exceeded the maximum specification Yimit of 3.00 nA for +[vias 4, with readings of 3.3, 3.4 and 3.5 nA,
respactively, and S/N 34 also exceeded the maximum specification limit of 3.00 nA for -Thias 4, with a reading of
23 nA. S/N 36 recovered %o within specification limits for +Ibias 4. In addition, S/N 3% also fell velow the
minimum specification limit of 2000V/mV for Avs 2k 1, with a reading of 1958.6 V/imV and S/N 37 fell below
the mininwm specification limit of 5000 VAV for Avs_10k 2 and Avs_10k 4, with readings of 4965.3 und 4768.0
V/mV, respectively. S/N 39 exceeded the maximum specification limit of 3.00 nA for +Thias 2, +Thias 4, -Ibias 3
and -Ibias 4, with readings of 3.0, 3.4, 3.0 and 3.3 nA, respectively.

At the 10 krad irradiation leve], all irradiated parts exceoded the maximun specification limit of 3.00 nA for all
ibias tests, with readings ranging from 3.7 to 6.3 nA Al irradiated paris also feli below the minimum
specification limit of 5000 V/mV for ajl Avs_lOk tests; with readings ranging from 2518 to 4859 VimV, and all
irradiated parts fell below the minimum specification limit of 2000 V/mV for at least one Avs_2k {est, with
readings ranging from 1722 to 1999 V/mV. Ln addition S/N 37 and 40 exceeded the maximum spesification limit

*The term rads, as used in this document, means rads(silicon). All radiation levels viled are cumulative.
**These are manufacturer's non-irradiation data specification limits No post-irradiation limits were provided by
the manufacturer at the time these lests were performed. Ne radiation tolerance/hardness was guaranteed by the
pnanufacturer for this part.
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of 1.00 nA for Tio 2, with readings of 1.39 and 1.26 nA, respectively.

At the 15 krad level, all irradiated parts failed all Ibias tests and all Avs lests, with readings ranging from 6.3 ta
8.7 nA for Ibias, and 1146 to 1945 V/mV and 1649 to 3573 V/mV for Avs_2k and Avs 10k, respectively. In
addilion, all irradiated parts except /N 33 fell below the minimura specitication limit of 0.10 V for at least two SR
tests, with readings of 0.00 V. This reading indicates that the output did not reach the minimm value within the
time specified in the test and constitutes a functional failure of the part.

At the 20 krad Ievel, the same faitures in Ibias, Avs and SR continwed, with readings for Ibias approximately 20%
higher and about the same for Avs. All irradinted parts read 0.00 V for at least four SR tests. S/N 36 fell below
the minirum specification limit of -150.0 pV for Vio 3, with a reading of -147.3 pV and excecded the maximuom
specification limit of 1,00 nA for lio 3, with a reading of 1.10 nA.

At the 30 krad level, three parts read 0.00 for only one SR test, fous parts read 0.00 V for two SR tests and ane part
read 0.00 for four SR tests. All parts contimued to fail all Ibias tests and all Avs tests, with readings approximately
20% higher for Tbias and approximately 20 % lower for Avs. S/N 36 continued to fail Vio 3 and Tio 3, with
readings of -218,0 uA and 1.82 nA, respectively.

At the 50 krad level, only one part (5/N 33) read 0.00 V for one SR test. All others passed all SR tests. the same
failures seen at the 30 krad level continued, again with readings approximately 20% worse, In addition, 5/N 36
also exceeded the maximum specification limit of 1.00 nA for Jio 2, with a reading of 1.17 nA.

After annealing for 168 hours at 25°C, no recovery was seen in the Ibias and Avs failures and a shight increase in
(he rate of SR failures was seen (3 parts with one failure, 3 parts with 2 failures and 2 parts with 3 failures). No
alher recovery was sesn, and S/N 33 exceeded the maximum specification limit of 10D nA for lio 2, with a reading
of 1.13 nA.

Aller annealing for 168 hours at 100°C, o rebound cffects were ohserved, except for a slight increase in the rate of
SK failures.

All parts passed all other electrical tests thronghout all irradiation and annealing steps.

Table IV provides a summary of the results for each parameter after different irradiation exposures and anncaling
steps.

Any further details about this evaluation can be ebtamed upon request. If you have any questions, pleasa call me at
{301) 731-8934,



ADVISORY ON THE USE OF THIS DOCLIMENT

The intormation contained in this decument has been developed solely for the purpnse of providing
peneral puidance to employees of the Goddard Space Flight Cemter (GSFC). This document may be
distributed outside CISFC only as a courtesy to olhor govormmenl apehcies and comtractors.  Ady
distribution of this document, or application o use of the information comtained herein, js expresaly
conditional upon, and iz subject 10, the following understandings and limitations:

{a} The infarmation was developed for general guidanes only and is suibject to change ot eny tims,

{b) The information was doveloped under unique GEFC laboratory conditions which may differ
substantially from outside oonditiona;

fc} Q8FC does not werrant the soouregy of the information Whea applisd or used under othar than
unigqus GEFC laboratory conditions,

td) The information shotld et be constried a3 a representation of product performance by either GSFC
or the mamrfachrer,

fe} Neither the Thhitad Btates povernment hor any porson acting on behalf of the United States
government assumes any liability rasulting from the application or use of the information.
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TABLE I. Part Information

Generic Part Nomber: OP4O0AY

HST/ADD

Part Mumher 3962-8777T101MCA
HET/ADD

Control Number: 11001

Charge Number: 44625

Manvfactorer: Analog Devices (PML)
Lat Nate Code: 9415

Quanrity Tested: 10

Serial Number of

Contral Samples: 31,32

Serial Numbers of

Radiation Samples: 33, 34, 35,36, 37, 38,39, 40
Part Function: Low Offset Quad Op Amp
Part Technology: CMQOS

Package Style: 14-pin DIP

Test Equipment: ASd0

Test Engineer: C.Nguyen

* No radiation tolerance/hardness was guaranteed by the manufacturer for this part.
. _



TABLE II. Radiation Schedule far OP400AY
EVENTS
1) INITIAL ELECTRICAL MEASUREMENTS

2} .5 KRAD IREADIATION (0.04 KRADS/HOUR)
POST-2.5 KRAD ELECTRICAL MEASUREMENT

3) 5 KRAD IRRADIATION (0.15 KRADS/HOUR)
POST-5 KRAD ELECTRICAL MEASUREMENT

4) 10 KRAD IRRADIATION (0,26 KRADS/HOUR)
POST-10 KRAD ELECTRICAL MEASUREMENT

5) 13 KRAD TRRADIATION (0.26 KRADS/HOUR)
POST-15 KRAD ELECTRICAL MEASUREMENT

6) 20 KRAD IRRADIATION (0.08 KRADS/HOUR}
POST-20 KRAD ELECTRICAL MEASUREMENT

7) 30 KRAD IRRADIATION {0.59 KRADS/HOUR)
POST-30 KRAD ELECTRICAL MEASUREMENT

8) 50 KRAD [READIATION (1.18 KRADS/HOUR)
POST-30 KRAL ELECTRICAL MEASUREMENT

9 168-HOUR ANNEALING @25°C
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENT

10} 168-HOUR ANNEALING @100°C*
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENT

FARTS WERE [RRADIATED AND ANNEAILED UNDER BIAS; SEE FIGURE 1,

DATE
N9/13/94

09/16/94
09/19/94

09/15/94
09/20/94

0%/20/94
0%/21/94

09/21/94
09/22/94

09122194
09/26/94

09/26/04
G9/27/94

09/27/94
09/28/54

08/28/94
10/05/94

10/05/94
10/12/94

*lligh temperature annealing is performed lo acceleraie long term tijﬂé_'&cpcndsm effects (TDE), namely, the
"rebound” effect dus to the growth of interfuce states after the radiation cxposure. For more information on the

need 1o perform this test, refer to MIL-STD-883D, Method 1019, Pata. 3.10.1.
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Table [11. Electrical Characteristics of OP400AY
TEST CONDITICHS: VDD= 4/« 15V unless otherwiée noted;

Tast temperalbure : 250C

T T ——— — ————— — —— T ——

tst Test name Min Max Conditions
# -
1 +Idd 0.0 ma 2.9 ma
2 -Idd =2.90 ma 0.00 ma
3 Vohl_2k 11.0 v Bl = 2%
4 Voh2_2k 11.0 v Rl = ZK
B Vahi_Zk 11.0 v Rl = ZX
& vohid_2k 11.0 v Rl = 2¥
7 Voll_ 2%k -11.0 v Rl = 2K
8 Vol2_2k =110 v Rl = 2K
9 Vald_ 2k =-11.¢ v Rl = ZEK
10 Vold_Z2k -11.0 W Rl = 2ZK
11 Vohl_ 10k 12.0 v Rl = 10K
12 Vohd_10k 12.¢ « Bl = 10K
13 Yoh3_10k 12.6 Rl = 10K
14 Veohd_10k 2.0 v Rl = 10K
15 voll 10k ~-12.0 Rl = 10K
16 VolZ 10k =12.0 W Rl = 10K
i7 Vol3i_10k -12.0 w Rl = 10K
i8 Vold 10k =31z2.0 v Rl = 10K
19 " wio 1 ~150.0 uv 150.0 uv
29 vio 2 ~150.0 uv 150.0 uv
21 vic 3 =150.0 uv 150.0 uv
22 vio 4 =-150.0 uvw 150.q uv
23 +ibias 1 3.0 na 3.0 na
24 +ibias 2 =3.0 na 3.0 na
25 +ibiac 3 -3.0 na 3.0 na
<6 +ibias 4 -3.9 na 3.0 na
27 -ibias 1 -3.0 na 3.0 na
28 ~-ibias 2 -3.0 na 3.0 na
29 -ibias 3 3.0 na 3.0 na
30 —-ibias 4 -3.0 na 3.0 na
al iio 1 -1.0 na 1.0 na
iz iio 2 =1.0 ma 1.0 pna
33 iio 3 =1.0 na 1.0 na
34 iio 4 -1.0 na 1.0 na

,
35 Ava_2k 1(V/mv) 2000.0 Rl = 2K
36 Avs_2k 2{V/mv) 2000.0 Rl = 2K
k¥ Avs_2k A(Vi/mv) 2000.0 Rl = 2K
ag hvs_2k 4{V/mv} 2000.0 . R1 = ZK



Table III (Cont'd.). Electrical Characteristics of OP400AY

TEST CONDITIONS: VDD= +/- 15V unless otherwise noted;

Test temperature : 250

tat Test name Min ] Max Conditicns

ft

39 Avs_10k 1iV/mv} S080.0 Rl = 10K

40 Ava_10k 2 (V/mv) S000.0 . Rl = 10K

41 Avs 10k 3(V/mv) B5000.0 Rl = 10K

42 Avs, 10k 4(V/mv} S000.0 Rl = 10K

43 psrrl (uv/v) 1.80 VCC = +/-3v £to +/-18v
44 psrr2 (uv/iv] 1.80 VCC = +/-3v to +/-18v
45 pesrr3 (uv/v) _ i.80 VCC = +/=3v to +/-18v
46 psrrd {uV/V} 1.80 VOO = +/-3v ko +/-18v
47 cmrr 1 120.9 db VEM = +/— 12v

48 cprr 2 120.0 db VCH = +/- 12v

19 cmrr 3 120.0 a4k VCH = +/- 12v

50 cmer 4 120.0 db VOM = +f~ 12v

51 +SR 1 F 0.10 v/us Vout = +/= 0.25v

52 +&8R 2 0.10 25 Vout = +/- 0.25v

53 +SE 3 0.10 VARt Vout = +/- 0.25v

54 +5R 4 0.10 v/ s Vout = +/- 0.25y

55 -SE 1 0.10 v/ my Vout = +/- 0.26v

E6 -SR 2 .10 ?/Fj' Vout = +/- 0,325v

57 -8R 3 0.10 w/ps Vout = +/- 0.25v

58 ~SR 4 0.10 uyqu Vout = /- 0.26v

* A reading of 0.00 in this parameter indicates that the device
output failed te reach the minimum value within the time specified
in the test, and therefore constitutes a functional failure of the
pATrt,
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TABLE IV: Summary of Electrical Measurements after
Total Dose Exposures and Annealing for OP400AY /1

Total Dose Exposure (krads) Annealing
Initials 2.5 L I 15 20 ab 54 les hrs ied hrs

Tast ®LI5°C @104°C
# Darameter Onite ad naan ad ad ad ad 34 ad maan sd
1 [+I4d mA, .05 05 .05 T ] .07 0
2 [~I4ad ma .06 .06 .0B a8 .06 03
1 [Voh3 2k 7 .04 o .05 3] ] [
1 [Vol3_2k v 0 o .05 .05 T [
5 [Voha 10k v 0 o .05 .04 .05 o
e [Wold 1Dk v 0 o 0 a o o
7 Vi3 uw an a7 &9 i17 1a0 az
4 [+Ibia=z 3 nd i .79 .89 1.7 1.5 .68
9 [-Ibia= 3 ndk .54 L3 .53 i.3 1.4 .60
10 |Iic 3 na .20 .43 €6 3.3 1.2 .08
11 [Avr= Zk 3 V/mv : ; 204 212 (13 IE 37 156
12 [Ava 10k 3 v/mv 3EL: 1 1579 512 365 TE 13 75 762
132 |PBRRA gy ' .16 .26 .26 _E4 .61 .18
1¢ |CMRRA dR 8.6 8.0 10 4.0 8.6 5.3
18 [+8R 3/3 Vipa

16 |-SR 373 V/p=

Motes: »

1/ The mean and standard deviation values were calculated over the eight parts irradiasted in this testing. The ccntrel
gample=s remained constant throughout the testing and are not included in this table. Values are given only for
Section 3, which was the worst case. Data for other sections are available on regueast,

2/ These are manufacturer's non-irradiated data sheet specification limits. No post-irradiarion limits were provided
ky the manufacturer at the time the rests weare performed,

3/ Values of mean and standard deviation for this parameter, where shown, are for section 3, as in /1. A Fallure in this

parameter, however, constitutes a functional failure of the part. Therefore, faillures in this parametsr are given as
"nFmF", where all four sections of n parts passed the test at this level and at least one s2ction of m parts failed.
"F" in this column means that at least one section of all irradiakted parts failed this test,

The radiation-sensitive parameters were Ibias, Avs, lio, SR and Vio.




Figure 1. Radiation Bias Circuit for OP400AY
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